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in extensive aortic aneurysm repair
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Surgical management of extensive thoracoabdominal aortic aneurysms is associated with high rates of mortality and
morbidity, including spinal cord ischemia. We report a successful three-stage repair combining open and endovascular
surgery in a patient presenting with an ascending, arch, and thoracoabdominal aneurysm. Spinal cord protective measures
included a staged approach, preserved antegrade ﬂow to the left subclavian and hypogastric arteries, absence of aortic
cross-clamping, and aggressive perioperative hemodynamic monitoring. (J Vasc Surg 2013;57:1671-3.)Extensive thoracoabdominal aortic aneurysms are a
major surgical challenge. Reported morbidity and mortality
rates remain high (up to 20%) after all of the described
techniques of open, hybrid, or totally endovascular
repair.1-3 Spinal cord ischemia (SCI) with consequent para-
plegia is the most feared complication. Numerous intrao-
perative and postoperative adjuncts have been proposed
to limit its occurrence.4-6
Some authors have proposed a staged open surgical
approach to allow stimulation and growth of the spine
collateral network and thus limit SCI.7,8 We describe
a three-stage repair strategy combining open and endovas-
cular surgery in a patient presenting with a complex
ascending, arch, and thoracoabdominal aortic aneurysm.
CASE REPORT
A63-year-oldmanwas admitted to our departmentwith a large
asymptomatic aortic aneurysm. It started at the aortic root and
ended at the renal arteries. The infrarenal aorta had been previously
repaired by the open surgical placement of a bifurcated graft. His
cardiovascular risk factors were active smoking, controlled hyperten-
sion, and dyslipidemia. There were no clinical or familial features to
suggest connective tissue diseases. At this admission, the maximal
aortic diameters (major axis) were 54 mm at the level of the
ascending aorta, 90 mm in the arch, and 77 mm in the thoracoab-
dominal aorta involving the visceral vessels (Fig 1).
The preoperative workup identiﬁed dilated ischemic car-
diomyopathy with left ventricular function of 40%. Coronary angi-
ography demonstrated multiple stenoses of a dominant rightthe Vascular and Cardiovascular Surgery Department, Hôpital
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erative serum creatinine was 0.9 mg/dL, and the calculated
glomerular ﬁltration rate, using the Modiﬁcation of Diet in Renal
Disease equation, was 90.2 mL/min. After multidisciplinary
discussion, we decided to adopt a staged approach.
Stage 1. The ﬁrst procedure was through amedian sternotomy.
It included off-pump ascending aortic banding with a 34-mm
polyester graft (the graft was wrapped around the aorta), an
off-pump right coronary artery bypass graft with a reversed saphenous
vein, and debranching of the innominate trunk and the left common
carotid to the proximal ascending aorta. The ascending aortic
band and the coronary artery bypass graft weremanaged off-pump to
limit cardiovascular morbidity caused by extracorporeal circulation,
which is a particular problem in patients with left ventricular
dysfunction.9 The patient’s postoperative course was uneventful.
His creatinine and troponin levels were stable throughout.
Stage 2. The second stage was performed 7 days later. A left
common carotid-to-left subclavian artery bypass was performed
using an 8-mm Dacron graft (Maquet; Getinge Group, Rastatt,
Germany). An 18-mm Amplatzer AVP vascular plug (St. Jude
Medical Inc, Saint Paul, Minn) was positioned to occlude the left
subclavian artery origin. This was combined with a transfemoral
endovascular exclusion of the arch aneurysm using two thoracic
endografts (ZTEG-2P-38-202PF and ZTEG-2P-42-135PF; Cook
Medical, Bloomington, Ind). A three-stent overlap between the two
components was obtained. The procedure time was 170 minutes.
The patient received 60 mL iodinated contrast medium and 319
seconds of ionizing radiation (total dose of 2.11 mGy/m2).
The patient’s postoperative period was unremarkable, and he
was discharged on postoperative day 9. The exclusion of the
arch aneurysm was conﬁrmed on a postoperative computed
tomography scan (Fig 2). There was an intentional distal type 1
endoleak because there was no appropriate distal sealing zone in
the descending thoracic aorta.
Stage 3. The third procedure was scheduled 3 months later
but was ﬁnally performed 5 months later. The thoracoabdominal
aneurysm was successfully excluded by means of a custom-made
four-fenestration endograft. A cerebrospinal ﬂuid drain could not
be placed because of dorsolumbar arthritis. The endograft
included two large, strut-free fenestrations for the celiac trunk and
the superior mesenteric artery (SMA) and two small fenestrations
for the renal arteries. The four target vessels were catheterized1671
Fig 1. Preoperative computed tomography three-dimensional
volume-rendered reconstruction.
Fig 2. Computed tomography three-dimensional volume-
rendered reconstruction after the ﬁrst two procedures shows the
reversed venous right coronary artery bypass graft and banding of
the ascending aorta, the innominate trunk, and left common
carotid artery debranching with a metallic ring positioned at the
origin of the innominate trunk, the left subclavian-to-left common
carotid bypass, and the endovascular exclusion of the arch
aneurysm.
Fig 3. Computed tomography three-dimensional volume-
rendered reconstruction of the ﬁnal control shows a complete
exclusion of the extensive aortic aneurysms, with no endoleaks.
The four visceral vessels perfused by the fenestrated endograft are
patent.
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were implanted (Advanta V12; Atrium, Hudson, NH). The
proximal sealing zone was in the previously implanted thoracic
endograft, and the distal sealing zone was in the previous infrarenalgraft. The operating time was 195 minutes. The patient received
120 mL iodinated contrast and 19.2 minutes of radiation (total
dose of 5.65 mGy/m2).
The patient was discharged on postoperative day 8. There were
no neurologic complications, and renal function was unchanged.
The ﬁnal postoperative computed tomography scan was satisfac-
tory, showing no endoleak and patent target vessels (Fig 3).
DISCUSSION
This report presents a successful three-stage strategy to
exclude an extensive complex aortic aneurysm. The beneﬁt
of staging this procedure may have been entirely from
reducing the surgical insult from one large insult to many
smaller ones. The multistaged approach was decided on
after multidisciplinary discussions that included cardiolo-
gists, anesthetists, and cardiovascular surgeons. The second
procedure was scheduled rapidly after the ﬁrst one because
of the threatening size of the arch aneurysm. The third
procedure had been scheduled after a 3-month period to
allow complete recovery of the patient and possibly reduce
the incidence of SCI.
A previous report described the staged replacement of
a full-length dissected aorta,10 with an uncomplicated
outcome. In this report, a visceral aortic aneurysm was
excluded by open visceral vessel debranching (hybrid
technique).
Furthermore, a staged approach has been advocated
for the open repair of complex aortic aneurysms.11 Indeed,
a reduced incidence of SCI was the only advantage
associated with multistaged open aortic repairs; no
differences were noted in rates of death, stroke, renal, or
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permanent SCI occurred in the one-stage group vs 0%
in the two-stage group (P ¼ .02). This suggests that
a multistaged approach can promote development of a
spinal cord vascularization network. Reducing the oper-
ative time and the surgical insult also probably affects the
SCI rate.
Some experimental evidence is available to support
this approach: Bischoff et al12 described an experimental
pig model, with coverage of intercostal arteries in two
stages. The ﬁrst stage was open ligation of the intercostal
arteries from T13 to L5, and the second stage was coverage
of the intercostal arteries by an endograft from T4 to
T12. This strategy induced less paraplegia compared
with animals undergoing a single-stage total intercostal
occlusion.12 They reported a 50% paraplegia rate in the
single-stage group vs 0% in the two-stage group.
Our patient had undergone a previous infrarenal repair,
which implies loss of some spinal cord collateral circulation
during that operation. Although this has been described as
an additional risk factor for paraplegia in patients who
subsequently undergo thoracic aneurysm repair, the time
between procedures could actually allow for time to further
collateralize blood ﬂow to the cord.
Cerebrospinal ﬂuid drainage was not performed in our
patient but is recommended in extensive aortic repairs.
Other adjuncts thought to be beneﬁcial in preventing
SCI were meticulously applied, including preservation of
antegrade ﬂow to the left subclavian artery and internal
iliacs,13 and maintenance of a mean arterial pressure
>90 mm Hg and a central venous pressure <5 mm Hg
throughout the ﬁrst 72 hours after the operation.14
Spinal cord perfusion is vulnerable during periods
of hemodynamic instability. Perioperative low blood
pressure, caused by operative bleeding or long-duration
procedures under deep general anesthesia, and covering
the left subclavian or the hypogastric arteries without
revascularization, have been clearly linked to the develop-
ment of SCI.15,16
CONCLUSIONS
Themanagement of complex and extensive aortic lesions
is a major challenge. In patients with such demanding
pathology, we advocate a ﬂexible, staged approach using
the most applicable open and advanced endovascular tech-
niques to reduce perioperative morbidity and death.
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